Partitioning and translocation of "C-photosynthates were examined during flowering and seed maturation in soybean (Glycine max [L.jMerr.) plants to quantify allocation to sugars, amino acids, organic acids, and starch and to study transport of C and N from leaves to reproductive sinks. The trifoliolate leaf at the eighth node was exposed to steady state levels of "CO2 for 2 hours, followed by immediate extraction and identification of radioactive assimilates in the fed leaf blade, tissues of the transport path (eg. petiole and stem), and fruits if they were present.
Nitrogen supply is particularly important for soybean (Glycine max [L.] Merr.) seed growth because seeds contain from 38% to 50% protein by dry weight (19) and therefore have a greater demand for N than do seeds of most other species (21) . Seeds are thought to import this N primarily via the phloem (13, 17) , because transpiration by pods is minimal and only a small amount can be supplied directly to these tissues by the xylem (12) .
Nitrogenous assimilates in the phloem may be derived from two sources. The first is direct xylem-to-phloem transfer which occurs regularly in legumes (1, 13) . Its cells believed to facilitate phloem loading from xylem in other species (16) . Still, a recently developed model for soybeans predicts that xylem-to-phloem transfer can provide 35% to 52% of fruit N (12) . A second source of phloem N is amino acids produced in leaves from either proteolysis (10) , current photosynthate (1 1, 14) , or metabolism of xylem-born assimilates (12) . Franceschi and Giaquinta (10) have found that remobilization of protein stored in paraveinal mesophyll cells may be particularly important during early pod fill. The other two sources of amino acids from leaves both involve recently assimilated carbon, and it would be useful to know the relative magnitude of these processes.
The present study quantifies the amount of current photosynthate allocated to production of amino acids in soybean leaves during reproductive development and shows the degree to which their immediate translocation helps satisfy the N requirement of developing seeds. Assimilates labeled during "CO2 fixation are used to assess the contribution of current photosynthates to the nutritional demands of seed formation. Radioactive assimilates along the translocation path are examined in petiole and stem samples, and then compared to the following published information on C and N needs for seed development. Schrader and Thomas ( 19) calculated, on the basis of respiratory requirements and C/N ratios in mature seed, that one amino acid (assuming an average C/N = 4/1) would be required for each sucrose transported to developing soybean seeds. The sum of C in these assimilates (4 from amino acids and 12 from sucrose) results in an overall C/N ratio of 16/1. This is similar to a subsequent estimation of 14.5/1 by Layzell and LaRue (12) '4CO2 Assimilation. A single, fully expanded trifoliolate leaf at the eighth node was exposed to '4CO2 for 2 h in each experiment using intact plants at various stages ofreproductive development.
The leaf was enclosed in a 300-cm3 cuvette and continuously flushed with ambient air for 24 h before each '4CO2 exposure.
Photoperiod was kept at 16 h, PPFD at 800 jsmol m-2 s-', and temperature was 30C. The following afternoon (1300 h), 14"C02 was injected into the gas-tight system as described by Housley et al. (1 1). The CO2 level was maintained between 280 and 300 pul C 1' and at a constant specific radioactivity using IR gas analysis and a timed injection apparatus. For each plant, '4CO2 was generated from NaH'4CO3 and mixed with C02 prior to injection. Ratios of "'CO2 to '2C02 supplied to each plant varied from experiment to experiment to compensate for different photosynthetic rates so that a total of 1.1 1 x 10" Bq could be supplied throughout each 2-h experiment. Net photosynthesis was determined periodically during each experiment using the rate of CO2 uptake within the closed system. (20) . Soluble extracts were then concentrated by flash evaporation, and separated by ion exchange chromatography (1 1). Radioactive spots were located by autoradiography and individually scraped from each of two plates. Percentages of 14C recovered in each spot were determined using liquid scintillation spectrometry and data were pooled for determination of total fractions. Some plates were examined for the presence of ureides by spraying with Ehrlich reagent (0.5 g p-dimethylbenzaldehyde in 50 ml ethanol plus 5 ml concentrated HCI) (22) .
RESULTS AND DISCUSSION Net Photosynthesis. Rates of CO2 fixation during the latter half of the flowering stage ( Fig. 1 ) averaged 23.9 umol m 2 s-' but decreased rapidly after mid-pod filling and dropped to 6.3 zmol CO2 m 2 s-' by late pod-filling. Photosynthetic rates in soybean leaves during seed development have been shown to decrease before completion of pod-filling (26) . Similar changes in photosynthetic rate occurred in the present study, although the most striking drop in CO2 assimilation rate and visible loss of chlorophyll were not evident until late pod-filling.
Photosynthate Partitioning. About one-third ofthe total radioactivity was ethanol-insoluble when source leaf blades were extracted prior to mid-pod fill (Fig. 2) . Further analysis showed nearly all of this insoluble material was starch. Total starch deposition in soybean leaves has been reported to increase from the early to mid pod-filling period (6, 15, 26) , but the '4C-starch data ofthe present study did not show the same pattern. Amounts of labeled starch which are formed within 2 h would be expected to differ from total levels, because total deposition would increase as long as new starch formed only slightly faster than it was degraded.
Sugars from source leaf blades comprised 70% to 86% of the soluble 14(C recovered during reproductive development (Fig. 3A) . These percentages are slightly higher than those previously recorded for leaf blades from younger soybean plants after 2-h feeding periods (11) . The proportion of"'4C recovered in amino acids was highest at early flowering and at mid-pod filling (16% and 17%, respectively). Housley et al. ( 11) reported lesser percentages of "'C-amino acids in young soybeans, but observed some increase at the onset of flowering. In the present study, '4C-organic acids in the leaf comprised 3% to 7% of the total soluble "'C except during early flowering, when they increased to 14%. Because "'C allocation to starch decreased during late pod-filling (Fig. 2) , amounts of '4C-amino and organic acids relative to total 14C recovered are proportionally greater at the late pod-fill stage than is indicated by data on soluble assimilates alone (Fig. 3A) .
Translocated "'C-Assimilates. Sugars accounted for 87% to 97% of the '4C recovered in ethanol extracts from petioles of source leaf blades (Fig. 3B) . This proportion remained consistently greater than that in adjacent blades. Percentages of '4C-sugars in the tissues ofthe translocation path were greatest during proportion of "'C-amino acids recovered from the petioles was lower than for leaf blades at each stage of development, but the "'C-amino acids increased from 3% during early pod-filling to a maximum of 12% at mid pod-filling. Differences between percentages of "'C-amino acids in leaf blades and in petiole extracts were least during the mid pod-filling period. "'C-Organic acids in the petioles comprised 6% of the total soluble "'C during early flowering, but decreased rapidly thereafter and were not detectable during most of reproductive growth. A similar lack of organic acids has been reported in extracts from soybean petioles at early pod-fill (12) , but reasons for such a decrease at this stage of development are unknown.
Radioactivity recovered in sugars extracted from lower stems (Fig. 3C) increased from 77% at early flowering to 93% at early pod-filling. Percentages of "C-amino acids were highest during early flowering but remained near 7% throughout plant development. As in the petioles, '4C-organic acids dropped to 2% or less after early flowering. Radioactivity in upper stem intemodes was too low to allow detection of "C-organic or amino acids, but source leaves in soybeans supply little photosynthate to the upper plant parts after the start of reproductive growth (3). We have considered the "C-photosynthates recovered in tissues of the translocation path (i.e. petiole and lower stem internode) to be the primary transport forms of recently assimilated carbon. Although all radioactive assimilates in these tissues may not be within the phloem, the time-frame of the present experiments would maximize amounts found there. Leakage of "Cassimilates from the soybean translocation path has been reported to occur slowly (9) and estimates of percentages withdrawn for storage or metabolism in stems and petioles are small (12) . It is also possible that some assimilates could be altered by enzymes within the phloem tissues (7); yet, samples from petioles were comparable to those of stems taken farther along the translocation path.
Pods and seeds at the node of the fed source leaf were also examined in plants at the mid pod-filling stage (data not shown). Distribution of"1C among sugars, amino acids, and organic acids was similar in pods and seeds. Composition was much like that of the petioles and lower stems. Little synthesis of "'C-protein or starch occurred in pods or seeds during the 2-h feeding period.
Xylem exudates from stumps of stems cut above the first node were analyzed to determine if "'C-ureides were moving up the xylem from the roots. Ureides contained little or no radioactivity after 2 h of "'CO2 fixation (data not shown), and no "'Cassimilates were detected in leaves (other than the source leaf) at the upper end of the transpiration stream. '4C-Assimilates in the xylem would therefore not have been included in data on photosynthate partitioning in the present study. Radioactivity began to appear in xylem exudates collected from stumps during the 1-h period following plant harvest. This is consistent with the recycling of carbon translocated to nodules of white lupin (Lupinus albus L.) (17) . The fate of "'C-assimilates in the xylem of soybean plants is not understood, although previous research on soybeans (12) and other legumes has led to several hypotheses regarding the combined effects of the low transpiration rates of pods (12) and xylem to phloem transfer in various plant organs (2, 13, 17, 25) . Little direct movement into soybean seeds via the transpiration stream would be expected.
C and N Requirements for Seed Development. As noted in the Introduction, if "'C-amino acids produced during 14C02 fixation supplied all the N required for seed formation, 25% of the "'C in the translocation path should be in the amino acid fraction. Instead, only 3% to 12% of the radioactivity in petioles was recovered in amino acids in the present study, suggesting that only 12% to 48% of the required N can be carried by recently formed photosynthates. This corresponds to a C/N ratio of from 33.3/1 to 133/1 for '4C-assimilates in the transport path. These C/N ratios are much higher than previous estimates of 16/1 (19) and 14.5/1 (12) . Recently, Thome and Rainbird (24) described an in vitro technique for collecting assimilates transported through the seed coat to developing soybean cotyledons. They reported that 31 mg C/mg N (C/N = 26.6/1) are transported to the cotyledons. On the assumption that this in vitro technique reflects the actual input of C and N to a developing seed and that the seed uses this C/N ratio, then either the respiratory -JDQ.. (26) . Assimilates derived from current photosynthates of leaves, however, have been shown here to contribute at least 12% to 48% of the N required for seed formation depending on the stage of pod development.
